Results of the Olmsted Hydraulic Operated Wicket Dam
By: Rick W. Schultz P.E., U.S. Army Corps of Engineers
Background

O nsted Locks and Damis one of the largest civil works projects
undertaken by the Corps of Engineers to | ead the nodernization of
Corps navigational facilities for the twenty-first century. The
project is being constructed on the Ohio River, 16 mles (25.7
kil ometers) upstream from the confluence of the GChio and the
M ssi ssippi R vers near the coomunity of O nsted, IL. The project
has undergone nunerous concept ual changes throughout its
devel opnent. The present design consists of construction of two
110 foot (33.53 neters) wde by 1,200 foot (365.76 neters) |ong
| ock chanbers with five 110 foot (33.53 neters) wi de hydraulically
operated tainter gates and 1,400 feet (426.72 neters) of navigable
pass dam Construction of the O nsted Locks and Dam Project was
aut hori zed by the United States Congress on 17 Novenber 1988 by the
passage of the Water Resources Devel opment Act of 1988. The cost
of this project is being equally shared with the navigation
industry. Tariffs paid by the navigational industry on diesel fuel
are used to forman Inland Waterways Trust Fund which w Il provide
50 percent of the project cost. Current estimted total project
cost is over $1 billion U S. dollars.

The O nmsted Dam was originally
projected to include 2,200 feet
(670.56 neters)of navigable pass
with 220 hydraulic operated w cket
gates. In late 1995 a deci sion was
made to change the design of the
navi gable pass dam from a ful
wi dth hydraulically operated w cket
dam to a conbination of Dboat
operated wi ckets and tainter gates.
Prior to this decision, a prototype
test facility of the hydraulic
operated w cket dam was under
construction at Smthland Lock and
Dam on the Chio River. The Cor ps
of Engi neers conpl eted construction
and tested the hydraulic operated Aerial view of Prototype

w cket damat Smthland to | earn nore about the nodern design and
eval uate materials used at the site.

The d nsted Prototype hydraulic operated w cket damwas constructed
on the Kentucky bank of the Chio River. A 1,100 foot (335.28
meter) long, 250 foot (7.62 neter) w de approach channel and 600
foot (182.88 neter) long retreat channel was dug to bring the Chio
River to and fromthe site. Construction began in May of 1994 and



was conpleted in Decenber 1995 at a cost of $18 nmillion U S
dol |l ars.

Testing of the wi ckets and conponents began on 4 Decenber 1995 and
lasted till 12 August 1996. At that tinme the entire site was
dewatered and the w ckets and conponents were disassenbled for
i nspection. Many |essons were |earned both during construction and
during testing of the design. Each wicket and its related
hydraul i c operator was rai sed and | owered under various heads from
1 to 20 feet (.3 to 6.09 neters). The w ckets were operated for
25 cycles each and then left stationary in the raised position
This operation continued until 400 cycles of novenent of each gate
had been achi eved. Each piston rod was extended when not in use to
expose it to the sane anount of debris and wear.

1. St eel w cket , retractabl e
cylinder, ceramc coated piston
r od.

2. Steel w cket, direct connected
cylinder stainless steel wth
chronme coated piston rod.

3. St eel w cket , retractabl e
cylinder, Ceramax coated piston
r od.

4. Conposite w cket, retractable
cylinder, two |ayers chrone coated
pi ston rod.

\ 5. Steel w cket, direct connected
\ cylinder, one | ayer chrome over

one | ayer nickel coated piston
r od.
Figure 1, View of components 6. Steel Prop
7. Stainless Steel hurter

Five hydraulically operated w cket gates were built and tested. A
wicket is a flat gate which is hinged at its base and can be raised
to a set angle to hold back flowin a river to create a dam At
9'-2" (2.79 neters) wide, 25 -6" (7.77 nmeters) long, and with a
design lift of 22-feet (6.7 neters), the w ckets were the | argest
hydraulically operated in the world. Many different materials and
conponents were designed and tested at the project. Two different
types of hydraulic lifting systenms were devel oped. Three of the
W ckets using a retractable piston rod with a prop were used to
hold the gate in the raised position. The other two w ckets used
a direct connected cylinder to the gate. Rexroth Corporation,
Bet hl ehem PA, USA, designed and built the hydraulic power unit and
used an Allen Bradl ey programmable |ogic controller to operate the
system The programmable logic controller and the personal
conmputer were located in a control tower next to the site, above
water level, but the hydraulic power unit with all valves and



controls were located in a dry ten foot dianmeter gallery under the
w ckets. Al the conponents worked extrenely well despite being
located in a gallery under the dam Each cylinder was pl aced under
the wickets and had a bore of 14 inches (355.6nmm wth average
stroke of 12°’-3 (3.73 neters). The system had a maxi mum operati ng
pressure of 3,000 psi (206.8 bar).

Cyl i nder suppliers were:
Victor Fluid Power, USA
Hunger Cylinders, Gernmany
Hydr audyne Cylinder,
Net her | ands

Air-Dro Cylinders, USA
Rencto Cylinders, USA

The followi ng is an account of
the many | essons learned with
t he hydraulic system
cyl i nders, conposite gate,
pai nt coatings and self-
| ubricating bearings at the
O nsted Prototype Project.

Inside

of Gallery

1. Damaged Piston Rod

One of the w ckets mal functioned during the testing phase, causing
the hydraulic piston rod on the lifting cylinder to be bent. The
cause of the mal function was the jamm ng of a prop which caused a
chain reaction of events to occur. The w cket was bei ng operated
with high tail water, which neant the hydraulic cylinder was not
vi si bl e. The cylinder was retracting, lowering the w cket, and
when the prop jamed the cup and ball connection between the piston
rod and w cket separated. This caused the wicket to jamin the
rai sed position causing a small alignment cylinder piston rod to
break and eventually side |oading on the large piston rod caused
P i, S - the rod to bend. The
di aneter of the piston rod
was 7.5 inches (190nmm and
was nade of HR4140 all oy
steel (100,000 yield) with a
.022 inch (.56mm thick
ceram c coating. The photos
# show the aftermath of the
bent rod.

Bent Piston Rod



Lessons learned from the
damage were: First, to
prevent this fromoccurring in
the future, provide as nmnuch
clearance as possible wth
| arge noving parts. Second,
despite trenendous bending
| oads on the piston rod the
ceramc coating was only
damaged at the extreme bend in
the rod. Cracks in the
coating were observed along
the tension side of the rod.
The piston rod bent to a
radi us of approximately 5
feet (1.52 neters) and the
coating flaked off along the
bend. The rest of the rod was
still in good condition.
Third, the damge to the
cylinders were in no way
related to the manufacturing
or design of the cylinders but
are an i nport ant | esson
| earned on the durability of
the ceramc coating and the
cat astrophi c events which can
occur to a piston rod.

2. Manufacturing Problems of Cylinders

One of the hydraulic cylinder manufacturers designed the trunnion
of the cylinder too thin and did not allow the trunnion to be sl ow
cooled after it was welded to the body of the cylinder. Thus, a
crack developed in the steel. This caused the trunnion to be
scrapped and a second trunnion nmade, This tinme the cylinder was
inserted in an oven and slow cooled to prevent cracking. Thi s
caused a delay in the delivery time of the cylinder.

3. Poor Quality Cylinder Design Piston Rod Measuring Devices.

Anot her exanple of poor design and planning was, one of the
cylinder manufacturers installed a Tenpasonic piston rod, neasuring
device and danmaged it at the factory. The Tenpasoni ¢ devi ce uses a
long thin rod which is inserted Base of Bent Rod
fromthe end of the cylinder and passed through a hole
machined in the piston rod. As the piston rod extends, a signal is
sent fromthe unit to the end of the piston rod, thus neasuring its
stroke. A problem devel oped at the factory wth the rod when the
cylinder was laying in a horizontal position. The piston rod was
extended and the long thin Tenpasonic rod bowed fromits own wei ght



inside the cylinder. As the piston rod retracted, the Tenpasonic
rod was crushed inside the cylinder. The manufacturer of the
cylinder had never built a cylinder of this size and did not know
the limts of the Tenpasonic device. After replacing the unit, the
cylinder was shipped to the site, where it was discovered that the
unit was internally wired wong. Because of these problens, the
cylinder was renoved from the site and a spare cylinder from
anot her manufacturer was used in its place.

4. Piston Rod Seals

Two of t he cyl i nder
manuf acturers, Rexr ot h
Hydr audyne. and Hunger
Cylinders, took special care
in designing an Oring seal
to protect the threads on the
end of the piston rods from
water and debris getting
into the threads. The ot her
manufacturers did not and
corrosion was extreme on the
exposed carbon steel threads.
The photo shows a typical
unprotected piston rod after
j ust seven nmont hs of
exposure.

5. Hydraulic Fluid

The d nst ed Pr ot ot ype
hydraulic system was -
installed with Mbil EAL 224H biodegradable hydraulic fluid
Corroded Threads on Piston Rod

per the Corps of Engineers specifications. Rexrot h Cor poration
desi gned the hydraulic power unit with two 10 mcron filters, one
mounted in the supply line after the punp and one in the main
return line from the cylinders. The manufacturer's data charts
i ndicated the viscosity of the fluid to be good to 32° Fahrenheit.
At the Prototype site the cylinders and hydraulic power unit were
installed and operated in the dry. Wien the air tenperature was in
the range of 45°F, (7.2°C) or less, the initial operation of a
cylinder caused an alarmto activate indicating a clogged return
filter. The control system was designed to indicate when a
pressure build-up was occurring at a filter indicating the filter
was dirty and needed replacing. It was determned that the cold
tenperature was causing the fluid to thicken greater than was
expected by the charts provided by fluid manufacturer. A decision
was made to replace the 10 mcron filter in the return line with a
20 mcron filter and activate the reservoir heater to heat the
fluid before it passes through the 10 mcron filter on the supply
side of the system This nodification solved the problem of the




cold tenperature fluid setting off the alarmof a clogged fluid
filter.

6. Hydraulic Pump Wear

The hydraulic punp used to operate the system was a Rexroth
Corporation, pressure conpensated s

vari abl e vol unme pi ston punp, capable &
of 8 GP.M, (30.3 Liter/mn) @
3,000 psi, (206.8 bar) to 32 GP.M, |
(121.1 Liter/mn) @500 psi, (34.5 &
bar) with horse power control. A 20 5
hor sepower, 1,750 rpm 208, 3-phase
nmotor was used to power the punp.

After the testing at the site was
conpl et ed, I nspection of t he
hydraulic punp was perfornmed by
removal of the punp and sending it
to Rexroth Corporation. The Rexroth §,
Corporation performed a flow test
and disassenbly of the punp for
i nspection. The results of the test
i ndi cated the biodegradable fluid has little to no effect on the
punp and all conponents were in good working order.

7. Remote Control of Wickets

A specially designed renote control device was devel oped to plug
into the HPU unit in the gallery. This rigid device could be used
by a mai ntenance worker to operate any of the w ckets fromi nside
the gallery. A digital read out of piston rod position or cylinder
pressure was displayed on the unit. Lessons |earned from the
remote operator will be used on the final Locks & Dam at O nsted.

8. Composite Wicket

Remote Control Devise
A conposite wi cket was built and tested at

the site. The w cket was designed by
McDonnel | Dougl as Aerospace and constricted
of a netallized steel inner frame wth

Morrison Mol ded Fi berglass (MWFG Extren 625
glass/vinyl ester pultruded in (.75 inch
(19mm) thick) sheets. The sheets were used
for the upstream and downstream skin pl ates.
In addition cross nenber stiffeners were
fabricated fromthis material. The w cket
and material performed beyond expectations.



The U.S.

Arny Construction
performed an evaluation of the w cket after

Engi neering Research Laboratories
its testing and found

it to be a viable option for future uses on navigation facilities.

9. Paint Coatings

Pai nt

pai nt

eval uation
Engi neeri ng Research Laboratori es.
and thermal

was

per f or med

by

U. S.
The standard Corps of Engi neers
spray coatings systenms and proprietary foul-
rel ease and antifouling paints were exposed for
nonths prior to inspection.
systens applied to the six steel

Army  Construction

approxi mately 6-

Table 1 lists and describes the paint
pr ot ot ype gat es.

Table 1. Paint System
Wicket |Paint System |Description |Guide Dry Film Thickness
Position Spec. (mils)
1 Port er Silicone N A Open Protected
| nt er sl eek foul -rel ease
coating Range: 10-16 5-10
system Avg: 12 8
2 E- 303B/ M L- P- |Epoxy zinc- |COWGS- Open Protected
rich 09940
24441 System |primer/epoxy Range: 14-29 11-18
No.
21-B-Z t opcoat Avg: 22 14
system
3 VZ-108d/ V- St andard N A Open Protected
vi nyl zinc-
106d System |rich prinmer Range: 14-24 7-8
and vi nyl
No. 5-C-Z + |topcoat with Avg: 19 7
copper
Devoe ABCH2 abl ative
antifouling
pai nt
5 VZ-108d/ V- St andard CWGS- Open Protected
766e vinyl zinc- 09940
System No. 5-|rich priner Range: 7-15 5-7
E-Z and vi nyl
t opcoat Avg: 12 6
extra |85-15 zinc- St andard CWGS- Range: 15-40
t her mal 05036
al um num Spray Avg: 25
System coating
No. 6-Z-A




extra |System No. 5-|Standard CWGS- Open Protected
Gz vinyl zinc- (09940
rich primer Range: 12-17 5-8
and vi nyl
t opcoat Avg: 13 7

Pai nt eval uati on conclusions and recomendati ons from CERL were.
All of the coating systens perfornmed as expected and provi ded an
adequate degree of corrosion protection for the 6-nonth test
peri od. M nor differences in performance were noted that would
indicate that certain systenms would provide better long term
protection than others. For exanple, the relatively brittle epoxy
coating systemwhich is typically nore prone to nmechani cal danage
caused by ice and floating debris had sustained a significant
degree of damage and corrosion along the edges of the gate. The
vinyl systens provided inproved resistance to damage and edge

corrosion. The zinc-alumnum netallizing provided excellent
corrosion protection. However, it also exhibited a significant
anmount of blistering that may inpact |ong term performnce. I n

general, the netallizing and vinyl systens 5-EZ and 5-C-Z should
provi de excellent |ong term protection.

10. Self-lubricating Bearings

Five different manufacturers’ self lubricating bearings were tested
and evaluated at the prototype. The manufacturers and their
products were:

Wicket #1

Lubron Bearing Systens, Huntington Beach California

Manganese bronze ASTM B22- C8600 housing with an inner |ubricating
coating of Teflon PTFE, trade nane AQLOO.

Wicket #2

Kamati cs Corporation (Kaman), Bloonfield, Connecticut

Fi ber gl ass/ epoxy housing with an inner lubricating liner (Karon V)
of Polyester resin and terafl uoethl ene.

Wicket #3

Merriman, H ngham , Mssachusetts

Lubrite, Bronze Alloy #424, ASTM B22-C86300 (Manganese Bronze).
| nner lubricating liner Merriman type Gl2.

Wicket #4

Thordon Bearing Inc. Burlington Ontario, Canada

Bronze C93200 with inner lubricating |liner Thordon trade name (SXL
TRAXL)

Wicket #5

Rowend, Liberty Center, Chio

CDA 8630 (Manganese Bronze) with a inner lubricating material R-8.



Two of the products, Lubron and Thordon were superior in
performance with Merriman third Rowend fourth and Kamatics | ast.
The foll ow ng are photos of each product after testing at the site.

Wicket #1 Bearings

The Lubron bearing showed no
wear on either the main hinges
of the gate or the prop
beari ng.

Wicket #2

Kamatics Bearing failed
dramatically. The inner
| ubricating mat eri al
fl aked off the housing
of the bearing. The
manuf acturer stated they
made a mstake in the
design of the bearing
for the test.

Inside of Kamatics Bearing After Test



The lubricant naterial also fl aked
off the inside of the race of the
prop bearing.

Wicket #4

Merriman Lubrite had begun to
| oose its i nner | ubricating
surface.

Inside Race of Kamatics Bearing
Note lubricant flaked off.

Merriman Lubrite Bearing



Wicket #4
Thor don

The bearings were in good
condi tion.

Wicket #5
The Rowend Beari ng
experienced sever pitting
of the base netal of the
beari ng caused by
gal vani ¢ corrosion.

The A nsted Prototype Hydraulic Operated Wcket Dam has been a

val uabl e tool for testing
and eval uating nunerous

components and
materials,. The w ckets
and cylinders wer e

reinstalled after t he
eval uation was conplete
and are now permanently

fixed in the raised
posi tion. There are no
i mredi ate pl ans to

. operate the w ckets, but

the site may be dewatered
in t he future to
reevaluate the long term
wear on the conponents.



